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DETAILED ACTION 

1. This is the fourth Office Action based on the 10/673,775 application filed 
9/29/2003. Claims 6-11, 13-18, and 20-27 are currently pending and have been 
considered below. Claims 1-5, 12, and 19 have been cancelled. 

Response to Arguments 

2. Applicant's arguments with respect to claims 6-11, 13-18, and 20-27 have been 
considered but are moot in view of the new ground(s) of rejection. 

Remarks 

3. There are several problems with the most recent claim amendments. Firstly, they 
are only supported in the context of the first embodiment ("First Example" in the 
specification) and the third embodiment ("Third Example"). That Is, the claim 
amendments recite subject matter of the first embodiment that does not apply to the 
second embodiment. For this reason, claims 8, 15, and 22 are rejected under USC 112, 
and, in the examiner's opinion, should be cancelled. Further, the independent claims 
define that the plurality of pixels are pixels in a pixel row, but the dependent claims 
define that the plurality of pixels are arranged in a two-dimensional array. These 
statements are contradictory. In short, the dependent claims need to be put Into form 
consistent with the amended independent claims. 
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4. Regarding tlie subject matter of the most recent amendments, and taking claim 6 
as an example, the amendments appear to be directed to subject matter of the first 
embodiment shown in Fig. 4. Fig. 4 shows that each row of pixels in the pixel array is 
formed in a separate well. In the specification, the term "well region" is used to refer to 
an individual well. However, in the claims, apparently with the intention of making the 
independent claims generic to all disclosed embodiments, the term "well region" does 
not refer to an individual well, but rather to a region containing one or more wells. This 
must be the case in view of claim 9. However, this interpretation of the language makes 
the claims much easier to reject because the examiner needs only to draw an imaginary 
dotted line around whatever contains the well in a given reference and call that region a 
"well region", including whatever else within that region that is helpful for rejecting the 
claim. In the examiner's opinion, it would be better to use the term "well region" in a 
manner similar to its use in the specification, where it refers to a particular well. See for 
example, page 22 of the specification, which discloses that the well regions 200 of Fig. 
4 correspond to P-wells, and the pixel section 110 comprises multiple well regions 200. 
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That is, the claims currently refer to a well region as some arbitrary region that 
contains a well (e.g. such as the box delineated by element 110 in Figs. 4 and 6), where 
later in claim 8 the well region is further defined to be a contiguous well, and in claim 9 
the well region is further defined to be a region containing several non-contiguous wells, 
which the examiner points out, requires the well region to contain sub-regions that are 
not wells. In the examiner's opinion, this was likely done so that the well region of claim 
6 would be generic to the both embodiments 1 and 2. However, especially in view of the 
latest amendment which places subject matter in the independent claims directed to 
embodiment 1 that is not a feature of embodiment 2, it would be better to set forth that 
the well region is one of the well regions 200 in Fig. 4, and not a region around all of the 
well regions 200 as it currently must be construed in view of the entire claim set. 

To do this, the Applicant could set forth that the semiconductor substrate has a 
plurality of well regions formed thereon, wherein each well region of the plurality of well 
regions is electrically isolated from other well regions of the plurality of well regions. 
Further, to better define the relationship of the well regions to the pixel unit, the 
applicant could define that the pixel unit has a plurality of pixel rows on the 
semiconductor substrate, each pixel row comprising a plurality of pixels formed in one of 
the well regions of the plurality of well regions. Still further, to better indicate that the 
items (a) through (d) are elements of each pixel in a particular row and formed in the 
same well region, the applicant could define that for a first pixel row of the plurality of 
pixel rows, each pixel in the plurality of pixels includes (a) a photoelectric conversion 
element formed in a first well region of the plurality of well regions to... and so on. The 
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examiner is not saying that this alone would make the claim allowable, but it would more 
effectively define the concept shown in Fig. 4 and at least limit the art that the examiner 
can use to reject the claim. 

Consider the current claim language which states that the semiconductor 
substrate comprises a well region, a plurality of pixels in a pixel row have a photoelectric 
conversion element and a readout section formed in the well region, and the well region 
is electrically isolated from other well regions along the row. Rhodes (US 6,825,878) 
teaches a CMOS image sensor where the imaging array is formed in a first well, and the 
peripheral circuitry is formed in a second well, with the advantage that the threshold 
voltages of the MOS transistors can then be separately optimized for each section. This 
reference teaches the new limitations because the current claim language does not 
even require that the other well regions are part of the pixel unit. 
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5. Further, regarding claim 6, in the examiner's opinion, "dependent upon the read 
out of the signal charge by said readout section" is not particularly specific, and does 
not adequately describe the inventive concept of the first two embodiments. The 
inventive concept is that the substrate voltage is changed when the charge is read out 
by the transfer transistor. The operation of image sensors is cyclical, and therefore in 
the examiner's opinion, any reference that comprises a voltage control unit to apply a 
variable substrate bias voltage to the well region at any point in the operational cycle 
can be construed to satisfy the current claim language. Neither does claim 27 capture 
the inventive concept because it simply defines that the application of the substrate bias 
voltage is synchronized with charge transfer. This does not require that the substrate 
bias voltage be applied at the same time as charge transfer. The language "the readout 
voltage is reduced" is not given much weight as the readout voltage is not even defined 
in claim 6. Based on the disclosure, the intent of this language is likely that the readout 
voltage is a signal voltage applied to the gate of the readout section. However, even 
though the claims are interpreted in light of the specification, aspects of the specification 
are not imported into the claims. In the current form, "the readout voltage" can be 
broadly interpreted, or even ignored, as it is unclear under USC 112 for lack of 
antecedent basis and definition. 

Claim Objections 

6. Claim 16 is objected to because of the following informalities: "cell" should be 
changed to "well". Appropriate correction is required. 
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Claim Rejections - 35 USC §112 

7. The following is a quotation of the first paragraph of 35 U.S.C. 1 1 2: 

The specification sliall contain a written description of tlie invention, and of tlie manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person sl^illed in the 
art to which It pertains, or with which It Is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the Inventor of carrying out his Invention. 

8. Claim 8 is rejected under 35 U.S.C. 112, first paragraph, as failing to comply with 
the enablement requirement. The claim(s) contains subject matter which was not 
described in the specification in such a way as to enable one skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and/or use the invention. 
Claim 8 recites subject matter directed to the 2"^^ embodiment of the invention ("Second 
Example"), whereas claim 6 from which it depends has been amended to include 
subject matter specifically directed the 1®' embodiment of the invention ("First 
Example"). The features of the two embodiments are mutually exclusive. The claim 
requires the well region to include all of the pixels of the pixel unit, to be electrically 
integral, and to be electrically isolated from other well regions which in view of the 
specification include some of the pixels of the pixel unit. In the examiner's opinion, claim 
8 should be cancelled in view of the most recent amendment to the claims. 

9. Claims 15 and 22 are rejected under 35 U.S.C. 112, first paragraph, for similar 
reasons as claim 8. 
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1 0. The following is a quotation of the second paragraph of 35 U.S.C. 1 1 2: 

The specification sliall conclude witli one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

11. Claims 7-9 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. Claim 6 defines that the plurality of pixels comprises 
pixels in a pixel row. Claim 7 then defines that the plurality of pixels is a two dimensional 
array of pixels. These statements are contradictory. Further, claim 8 recites features 
that the well region is electrically integral and comprises all of the pixels of the two 
dimensional array, when claim 6 has already defined that the well region comprises 
pixels of a row and is electrically isolated from other wells, which in view of the 
specification, are wells comprising other rows of the two dimensional array of pixels. 
Claim 9 is indefinite because it depends from claim 7. 

12. Claims 14-16 and 21-23 are rejected under 35 U.S.C. 112, first paragraph, for 

similar reasons as claims 7-9. 

13. Claim 27 recites the limitation "the readout voltage is reduced". There is 
insufficient antecedent basis for this limitation in the claim. Further, what the readout 
voltage is has not been defined, so it is impossible to determine whether or not it has 
been reduced. 
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Claim Rejections - 35 USC § 103 

14. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or deschbed as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

15. Claims 6-8, 11, 13-15, 18, 20-22, 25, and 26 are rejected under 35 U.S.C. 103(a) 
as being unpatentable over Murakami et al. (US Patent 6,486,460) in view of Raynor et 
al. (US Patent 7,375,752) and Rhodes (US Patent 6,825,878). 
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Regarding claim 6, Murakami et al. teacli a solid-state complementary metal- 
oxide semiconductor type image pickup device (solid-state image sensing device 1 
which is a CMOS sensing means, col. 5 lines 36-39), comprising: a semiconductor 
substrate (P- semiconductor region 221 is a substrate, see Fig. 19A) having a well 
region formed thereon (P semiconductor region 222 is a well region, Fig. 19A; further, 
any region of the semiconductor substrate comprising the P semiconductor region is a 
well region); and a pixel unit (multiple sensing means 2, Fig. 8) having a plurality of 
pixels in a pixel row on the semiconductor substrate (multiple sensing means 2 is 
arrayed in a matrix, col. 5 lines 24-26, see Fig. 8; the pixels are the individual sensor 
elements of Fig. 8), each pixel in the pixel unit including (a) a photoelectric conversion 
element formed in said well region to receive light and produce a signal charge in 
accordance with an amount of the received light (N semiconductor region 224 and P 
semiconductor region 222 form a photodiode, see Fig. 19A; as is well known in the art, 
the photodiode converts photons into electric charges); (b) a readout section to read out 
the signal charge produced by said photoelectric conversion element at a 
predetermined readout timing (drive transistor 212 or selection transistor 213 can be 
interpreted as readout sections, see Fig. 19A); (c) a node connected to the photoelectric 
conversion element (a node connects the N semiconductor region 224 to drive 
transistor 212, see Fig. 19A); and (d) a voltage control unit to apply a variable substrate 
bias voltage to said well region upon the read out of the signal charge by said readout 
section (the substrate voltage is varied during the exposure period so as to increase the 
dynamic range of the captured image, col. 5 lines 43-48; Fig. 9 shows an embodiment 
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where the substrate voltage is varied during exposure, having two distinct substrate 
voltages that are applied; embodiments wherein the substrate voltage is varied in 
unequal time amounts, four different equally spaced levels, four logarithmically spaced 
voltage levels, and continuously varied are shown in Figs. 11, 13, 15, and 17 
respectively; note that in all cases a different substrate voltage is applied when the pixel 
is not being exposed; therefore, the substrate voltage is varied, and a particular 
substrate voltage is applied when the pixel is read out; the substrate voltage is also 
applied to the well region because they are in contact, see Fig. 19A). However, 
Murakami et al. do not teach a readout section formed in said well region, or that the 
well region is electrically isolated from other well regions along the pixel row. That is, 
Murakami et al. teach the common three transistor (3T) CMOS pixel, which does not 
feature a transfer gate. 

Raynor et al. teach a CMOS image sensor having the common four transistor 
(4T) pixel structure (see Fig. 4). Note that this structure differs from the three transistor 
structure (as shown in Fig. 1) in that a transfer gate transistor has been added 
(transistor M4). As is well known in the art, the pixel is read out by a timing signal Vtx 
applied to the gate of the transfer transistor M4. Raynor et al. teach that advantages of 
the 4T pixel structure over the 3T structure are increased sensitivity and that the 4T 
structure allows for a rolling shutter application (col. 1 line 58 to col. 2 line 9). 
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Therefore, it would be obvious to one of ordinary skill in the art to combine the 
transfer gate of Raynor at al. with the imaging device of Murakami et al. so that the 
sensitivity of the device could be improved and a rolling shutter application could be 
supported. This would increase the quality of the images captured by the camera 
device. 

Rhodes teaches that all of the pixels of the pixel portion of an image sensor are 
formed in a single well (col. 7 lines 62-65), and the periphery logic transistors are 
formed in a separate well (col. 7 lines 62-65). This allows the threshold voltage of the 
transistors in each section to be optimized separately (col. 8 lines 20-25). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
single well for the pixel array of Rhodes with the image sensor of Murakami et al. in 
view of Raynor et al. so that the threshold voltage of the transistors in each section to 
be optimized separately. This would improve the quality of the image sensor. 

Regarding claim 7, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the complementary metal-oxide semiconductor type solid-state image pickup device 
according to claim 6, wherein said plurality of pixels are arranged in a two-dimensional 
array on said semiconductor substrate (Murakami et al.: multiple sensing means 2 is 
arrayed in a matrix, col. 5 lines 24-26, see Fig. 8; the pixels are the individual sensor 
elements of Fig. 8). 

Regarding claim 8, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the complementary metal-oxide semiconductor type solid-state image pickup device 
according to claim 7, wherein said well region is electrically integral in a region of said 
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semiconductor substrate which includes all of said pixels arranged in the two- 
dimensional array, and a common substrate bias voltage to all of said pixels is applied 
to the well regions (Rhodes teaches that all of the pixels of the pixel portion of an image 
sensor are formed in a single well, col. 7 lines 62-65). 

Regarding claim 1 1 , Murakami et al. in view of Raynor et al. and Rhodes teaches 
the complementary metal-oxide semiconductor type solid-state image pickup device 
according to claim 6, wherein said solid-state image pickup device each pixel also 
includes a pixel transistor connected to said photoelectric conversion element through 
said node for converting the signal charge read out from said photoelectric conversion 
element into an electhc signal and outputting the electric signal to a signal line 
(Murakami et al. teach drive transistor 212, see Fig. 19A; Raynor et al. teach amplifying 
transistor Ml , see Fig. 4; both of these transistors are pixel transistors for converting the 
signal charge read out from said photoelectric conversion element into an electric signal 
and outputting the electric signal to a signal line). 
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Regarding claim 13, Murakami et al. teach a complementary metal-oxide 
semiconductor type solid-state image pickup device (solid-state image sensing device 1 
which is a CMOS sensing means, col. 5 lines 36-39), comprising: a semiconductor 
substrate (P- semiconductor region 221 is a substrate, see Fig. 19A) having a well 
region formed thereon (P semiconductor region 222 is a well region, Fig. 19A; further, 
any region of the semiconductor substrate comprising the P semiconductor region is a 
well region); and a pixel unit (multiple sensing means 2, Fig. 8) having a plurality of 
pixels on the semiconductor substrate (multiple sensing means 2 is arrayed in a matrix, 
col. 5 lines 24-26, see Fig. 8; the pixels are the individual sensor elements of Fig. 8), 
each pixel in the pixel unit including (a) a photoelectric conversion element formed in 
said well region to receive light and produce a signal charge in accordance with an 
amount of the received light (N semiconductor region 224 and P semiconductor region 
222 form a photodiode, see Fig. 19A; as is well known in the art, the photodiode 
converts photons into electric charges); (b) a readout section to read out the signal 
charge produced by said photoelectric conversion element at a predetermined readout 
timing (drive transistor 212 or selection transistor 213 can be interpreted as readout 
sections, see Fig. 19A); (c) a node connected to the photoelectric conversion element (a 
node connects the N semiconductor region 224 to drive transistor 212, see Fig. 19A), 
the node having a capacitance (any real electrical node has a capacitance with respect 
to any other real electrical node); and (d) a voltage control unit to apply a substrate bias 
voltage to said well region and change the substrate bias voltage during a storage 
period of the signal charge by said photoelectric conversion element (the substrate 



Application/Control Number: 10/673,775 Page 15 

Art Unit: 2622 

voltage is varied during the exposure period so as to increase tine dynamic range of the 
captured image, col. 5 lines 43-48; Fig. 9 shows an embodiment where the substrate 
voltage is varied during exposure, having two distinct substrate voltages that are 
applied; embodiments wherein the substrate voltage is varied in unequal time amounts, 
four different equally spaced levels, four logarithmically spaced voltage levels, and 
continuously varied are shown in Figs. 11, 13, 15, and 17 respectively; note that in all 
cases a different substrate voltage is applied when the pixel is not being exposed; 
therefore, the substrate voltage is varied, and a particular substrate voltage is applied 
when the pixel is read out; the substrate voltage is also applied to the well region 
because they are in contact, see Fig. 19A). However, Murakami et al. do not teach a 
readout section formed in said well region, or that the well region is electrically isolated 
from other well regions along the pixel row. That is, Murakami et al. teach the common 
three transistor (3T) CMOS pixel, which does not feature a transfer gate. 

Raynor et al. teach a CMOS image sensor having the common four transistor 
(4T) pixel structure (see Fig. 4). Note that this structure differs from the three transistor 
structure (as shown in Fig. 1) in that a transfer gate transistor has been added 
(transistor M4). As is well known in the art, the pixel is read out by a timing signal Vtx 
applied to the gate of the transfer transistor M4. Raynor et al. teach that advantages of 
the 4T pixel structure over the 3T structure are increased sensitivity and that the 4T 
structure allows for a rolling shutter application (col. 1 line 58 to col. 2 line 9). 
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Therefore, it would be obvious to one of ordinary skill in the art to combine the 
transfer gate of Raynor at al. with the imaging device of Murakami et al. so that the 
sensitivity of the device could be improved and a rolling shutter application could be 
supported. This would increase the quality of the images captured by the camera 
device. 

Rhodes teaches that all of the pixels of the pixel portion of an image sensor are 
formed in a single well (col. 7 lines 62-65), and the periphery logic transistors are 
formed in a separate well (col. 7 lines 62-65). This allows the threshold voltage of the 
transistors in each section to be optimized separately (col. 8 lines 20-25). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
single well for the pixel array of Rhodes with the image sensor of Murakami et al. in 
view of Raynor et al. so that the threshold voltage of the transistors in each section to 
be optimized separately. This would improve the quality of the image sensor. 

Regarding claim 14, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the complementary metal-oxide semiconductor type solid-state image pickup device 
according to claim 13, wherein said plurality of pixels are arranged in a two-dimensional 
array on said semiconductor substrate (Murakami et al.: multiple sensing means 2 is 
arrayed in a matrix, col. 5 lines 24-26, see Fig. 8; the pixels are the individual sensor 
elements of Fig. 8). 

Regarding claim15, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the complementary metal-oxide semiconductor type solid-state image pickup device 
according to claim 14, wherein said well region is electrically integral in a region of said 
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semiconductor substrate which includes all of said pixels arranged in the two- 
dimensional array, and a common substrate bias voltage to all of said pixels is applied 
to the well regions (Rhodes teaches that all of the pixels of the pixel portion of an image 
sensor are formed in a single well, col. 7 lines 62-65). 

Regarding claim 18, Murakami et al. in viewof Raynor etal. and Rhodes teaches 
the complementary metal-oxide semiconductor type solid-state image pickup device 
according to claim 13, wherein said solid-state image pickup device each pixel also 
includes a pixel transistor connected to said photoelectric conversion element through 
said node for converting the signal charge read out from said photoelectric conversion 
element into an electhc signal and outputting the electric signal to a signal line 
(Murakami et al. teach drive transistor 212, see Fig. 19A; Raynor et al. teach amplifying 
transistor Ml, see Fig. 4; both of these transistors are pixel transistors for converting the 
signal charge read out from said photoelectric conversion element into an electric signal 
and outputting the electric signal to a signal line). 
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Regarding claim 20, Mural<ami et al. teach a method to drive a solid-state image 
pickup device (solid-state image sensing device 1 which is a CMOS sensing means, 
col. 5 lines 36-39) including (a) a semiconductor substrate (P- semiconductor region 
221 is a substrate, see Fig. 19A) having a well region formed thereon (P semiconductor 
region 222 is a well region. Fig. 19A; further, any region of the semiconductor substrate 
comprising the P semiconductor region is a well region) and (b) a pixel unit (multiple 
sensing means 2, Fig. 8) including a plurality of pixels in a pixel row on the 
semiconductor substrate (multiple sensing means 2 is arrayed in a matrix, col. 5 lines 
24-26, see Fig. 8; the pixels are the individual sensor elements of Fig. 8), each pixel in 
the pixel unit including (i) a photoelectric conversion element formed in said well region 
to receive light and produce a signal charge in accordance with an amount of the 
received light (N semiconductor region 224 and P semiconductor region 222 form a 
photodiode, see Fig. 19A; as is well known in the art, the photodiode converts photons 
into electric charges); (ii) a readout section to read out the signal charge produced by 
said photoelectric conversion element at a predetermined readout timing (drive 
transistor 212 or selection transistor 213 can be interpreted as readout sections, see 
Fig. 19A); (iii) a node connected to the photoelectric conversion element (a node 
connects the N semiconductor region 224 to drive transistor 212, see Fig. 19A); and (iv) 
a voltage control means to apply a substrate bias voltage to said well region and 
change the substrate bias voltage during a storage period of the signal charge by said 
photoelectric conversion element (the substrate voltage is varied during the exposure 
period so as to increase the dynamic range of the captured image, col. 5 lines 43-48; 
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Fig. 9 shows an embodiment where the substrate voltage is varied during exposure, 
having two distinct substrate voltages that are applied; embodiments wherein the 
substrate voltage is varied in unequal time amounts, four different equally spaced 
levels, four logarithmically spaced voltage levels, and continuously varied are shown in 
Figs. 11, 13, 15, and 17 respectively), said method comprising the steps of: converting 
light to a signal charge (N semiconductor region 224 and P semiconductor region 222 
form a photodiode, see Fig. 19A; as is well known in the art, the photodiode converts 
photons into electric charges); storing said signal charge during a charge storage period 
(the electric charges are stored in the photodiode until such time that the selection 
transistor 213 is turned on by signal X, see Fig. 19A); and applying a predetermined 
substrate bias voltage to said well region that is variable dependent upon the signal 
charge read out by said readout section during said readout period (the substrate 
voltage is varied during the exposure period so as to increase the dynamic range of the 
captured image, col. 5 lines 43-48; Fig. 9 shows an embodiment where the substrate 
voltage is varied during exposure, having two distinct substrate voltages that are 
applied; embodiments wherein the substrate voltage is varied in unequal time amounts, 
four different equally spaced levels, four logarithmically spaced voltage levels, and 
continuously varied are shown in Figs. 11, 13, 15, and 17 respectively). However, 
Murakami et al. do not teach a readout section formed in said well region, or that the 
well region is electrically isolated from other well regions along the pixel row. That is, 
Murakami et al. teach the common three transistor (3T) CMOS pixel, which does not 
feature a transfer gate. 
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Raynor et al. teach a CMOS image sensor having the common four transistor 
(4T) pixel structure (see Fig. 4). Note that this structure differs from the three transistor 
structure (as shown in Fig. 1) in that a transfer gate transistor has been added 
(transistor M4). As is well known in the art, the pixel is read out by a timing signal Vtx 
applied to the gate of the transfer transistor M4. Raynor et al. teach that advantages of 
the 4T pixel structure over the 3T structure are increased sensitivity and that the 4T 
structure allows for a rolling shutter application (col. 1 line 58 to col. 2 line 9). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
transfer gate of Raynor et al. with the imaging device of Murakami et al. so that the 
sensitivity of the device could be improved and a rolling shutter application could be 
supported. This would increase the quality of the images captured by the camera 
device. 

Rhodes teaches that all of the pixels of the pixel portion of an image sensor are 
formed in a single well (col. 7 lines 62-65), and the periphery logic transistors are 
formed in a separate well (col. 7 lines 62-65). This allows the threshold voltage of the 
transistors in each section to be optimized separately (col. 8 lines 20-25). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
single well for the pixel array of Rhodes with the image sensor of Murakami et al. in 
view of Raynor et al. so that the threshold voltage of the transistors in each section to 
be optimized separately. This would improve the quality of the image sensor. 

Regarding claim 21 , Murakami et al. in view of Raynor et al. and Rhodes teaches 
the driving method for the complementary metal-oxide semiconductor type solid-state 
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image picl<up device according to claim 20, wherein said photoelectric conversion 
element is provided for each of a plurality of pixels formed in a two-dimensional array on 
said semiconductor substrate (Murakami et al.: multiple sensing means 2 is arrayed in a 
matrix, col. 5 lines 24-26, see Fig. 8; the pixels are the individual sensor elements of 
Fig. 8). 

Regarding claim 22, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the driving method for the complementary metal-oxide semiconductor type solid-state 
image pickup device according to claim 20, wherein said well region is electrically 
integral in a region of said semiconductor substrate which includes all of said pixels 
arranged in the two-dimensional array, and a common substrate bias voltage to all of 
said pixels is applied to the well regions (Rhodes teaches that all of the pixels of the 
pixel portion of an image sensor are formed in a single well, col. 7 lines 62-65). 
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Regarding claim 25, Murakami et al. teach a method for driving a complementary 
metal-oxide semiconductor type solid-state image pickup device (solid-state image 
sensing device 1 which is a CMOS sensing means, col. 5 lines 36-39) including (a) a 
semiconductor substrate (P- semiconductor region 221 is a substrate, see Fig. 19A) 
having a well region formed thereon (P semiconductor region 222 is a well region, Fig. 
19A; further, any region of the semiconductor substrate comprising the P semiconductor 
region is a well region); and (b) a pixel unit (multiple sensing means 2, Fig. 8) having a 
plurality of pixels on the semiconductor substrate (multiple sensing means 2 is arrayed 
in a matrix, col. 5 lines 24-26, see Fig. 8; the pixels are the individual sensor elements 
of Fig. 8), each pixel in the pixel unit including (i) a photoelectric conversion element 
formed in said well region to receive light and produce a signal charge in accordance 
with an amount of the received light (N semiconductor region 224 and P semiconductor 
region 222 form a photodiode, see Fig. 19A; as is well known in the art, the photodiode 
converts photons into electric charges); (ii) a readout section to read out the signal 
charge produced by said photoelectric conversion element at a predetermined readout 
timing (drive transistor 212 or selection transistor 213 can be interpreted as readout 
sections, see Fig. 19A); (iii) a node connected to the photoelectric conversion element 
(a node connects the N semiconductor region 224 to drive transistor 212, see Fig. 19A), 
the node having a capacitance (any real electrical node has a capacitance with respect 
to any other real electrical node); and (iv) a voltage control unit to apply a substrate bias 
voltage to said well region and change the substrate bias voltage during a storage 
period of the signal charge by said photoelectric conversion element (the substrate 
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voltage is varied during the exposure period so as to increase tine dynamic range of the 
captured image, col. 5 lines 43-48; Fig. 9 shows an embodiment where the substrate 
voltage is varied during exposure, having two distinct substrate voltages that are 
applied; embodiments wherein the substrate voltage is varied in unequal time amounts, 
four different equally spaced levels, four logarithmically spaced voltage levels, and 
continuously varied are shown in Figs. 11, 13, 15, and 17 respectively), said method 
comprising the steps of: converting light to a signal charge (N semiconductor region 224 
and P semiconductor region 222 form a photodiode, see Fig. 19A; as is well known in 
the art, the photodiode converts photons into electric charges); storing said signal 
charge during a charge storage period (the electric charges are stored in the photodiode 
until such time that the selection transistor 213 is turned on by signal X, see Fig. 19A); 
and applying a substrate bias voltage to said well region and changing the substrate 
bias voltage during said storage period of the signal charge by said photoelectric 
conversion element (the substrate voltage is varied during the exposure period so as to 
increase the dynamic range of the captured image, col. 5 lines 43-48; Fig. 9 shows an 
embodiment where the substrate voltage is varied during exposure, having two distinct 
substrate voltages that are applied; embodiments wherein the substrate voltage is 
varied in unequal time amounts, four different equally spaced levels, four logarithmically 
spaced voltage levels, and continuously varied are shown in Figs. 11, 13, 15, and 17 
respectively). However, Murakami et al. do not teach a readout section formed in said 
well region, or that the well region is electrically isolated from other well regions along 
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the pixel row. That is, Murakami et al. teach the common three transistor (3T) CMOS 
pixel, which does not feature a transfer gate. 

Raynor et al. teach a CMOS image sensor having the common four transistor 
(4T) pixel structure (see Fig. 4). Note that this structure differs from the three transistor 
structure (as shown in Fig. 1) in that a transfer gate transistor has been added 
(transistor M4). As is well known in the art, the pixel is read out by a timing signal Vtx 
applied to the gate of the transfer transistor M4. Raynor et al. teach that advantages of 
the 4T pixel structure over the 3T structure are increased sensitivity and that the 4T 
structure allows for a rolling shutter application (col. 1 line 58 to col. 2 line 9). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
transfer gate of Raynor et al. with the imaging device of Murakami et al. so that the 
sensitivity of the device could be improved and a rolling shutter application could be 
supported. This would increase the quality of the images captured by the camera 
device. 

Rhodes teaches that all of the pixels of the pixel portion of an image sensor are 
formed in a single well (col. 7 lines 62-65), and the periphery logic transistors are 
formed in a separate well (col. 7 lines 62-65). This allows the threshold voltage of the 
transistors in each section to be optimized separately (col. 8 lines 20-25). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
single well for the pixel array of Rhodes with the image sensor of Murakami et al. in 
view of Raynor et al. so that the threshold voltage of the transistors in each section to 
be optimized separately. This would improve the quality of the image sensor. 
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Regarding claim 26, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the driving method for the complementary metal-oxide semiconductor type solid-state 
image pickup device according to claim 25, wherein said photoelectric conversion 
element is provided for each of a plurality of pixels formed in a two-dimensional array on 
said semiconductor substrate (Murakami et al.: multiple sensing means 2 is arrayed in a 
matrix, col. 5 lines 24-26, see Fig. 8; the pixels are the individual sensor elements of 
Fig. 8). 

16. Claims 9, 16, and 23 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Murakami et al. (US Patent 6,486,460) in view of Raynor et al. (US Patent 
7,375,752) and Rhodes as applied to claims 7, 14, and 21 above, and further in view of 
Chi (US Patent 6,501,109). 

Regarding claims 9 and 16, Murakami et al. in view of Raynor et al. and Rhodes 
teaches the complementary metal-oxide semiconductor type solid-state image pickup 
device according to claims 7 and 14. However, Murakami et al. in view of Raynor et al. 
and Rhodes does not teach wherein said well region is formed in an electrically isolated 
relationship for each row of said pixels arranged in the two-dimensional array, and an 
independent substrate bias voltage is applied to the cell regions for each row. 

Chi teaches a CMOS image sensor (col. 3 lines 40-41) wherein a row of pixels is 
constructed in a single well (col. 4 lines 8-9). Having a well for each row of pixels allows 
the well for each row to be individually pulsed for enhancement of the pixel dynamic 
range (col. 5 lines 62-65). 
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Therefore, it would be obvious to one of ordinary skill in the art to connbine the 
single well for a row of pixels as taught by Chi with the image sensor of Murakami et al. 
in view of Raynor et al. and Rhodes so that the well for each row could be individually 
pulsed for enhancement of the pixel dynamic range. This would increase the quality of 
images captured by the camera. 

Regarding claim 23, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the driving method for the complementary metal-oxide semiconductor type solid-state 
image pickup device according to claim 21 . However, Murakami et al. in view of Raynor 
et al. and Rhodes does not teach wherein said well region Is formed In an electrically 
Isolated relationship for each row of said pixels arranged in the two-dimensional array, 
and an independent substrate bias voltage is applied to the cell regions for each row. 

Chi teaches a CMOS image sensor (col. 3 lines 40-41 ) wherein a row of pixels is 
constructed In a single well (col. 4 lines 8-9). Having a well for each row of pixels allows 
the well for each row to be individually pulsed for enhancement of the pixel dynamic 
range (col. 5 lines 62-65). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
single well for a row of pixels as taught by Chi with the image sensor of Murakami et al. 
In view of Raynor et al. and Rhodes so that the well for each row could be Individually 
pulsed for enhancement of the pixel dynamic range. This would increase the quality of 
images captured by the camera. 
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17. Claims 10, 17, and 24 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Murakami et al. (US Patent 6,486,460) in view of Raynor et al. (US 
Patent 7,375,752) and Rhodes as applied to claims 6, 13, and 20 above, and further in 
view of Merrill (US Patent 5,747,840). 

Regarding claims 10 and 17, Murakami et al. in view of Raynor et al. and Rhodes 
teaches the complementary metal-oxide semiconductor type solid-state image pickup 
device according to claims 6 and 13, wherein said well region is a p-type well region 
(Murakami: P semiconductor region 222 is a well region. Fig. 19A). However, Murakami 
et al. in view of Raynor et al. and Rhodes does not teach that the substrate bias voltage 
is a negative voltage. 

Merrill teaches a CMOS image sensor (col. 2 lines 26-28) wherein a photodiode 
100 (Fig. 4) is formed in a p-well 112, 114 formed on a substrate 110 (substrate 110 
may be n-type col. 4 lines 33-38). Merrill teaches that it is advantageous to reverse bias 
the well-substrate interface by applying a positive voltage to one layer and a negative 
voltage to the other layer (col. 1 lines 58-60) because the reverse biased junction 
prevents thermally generated carriers from diffusing from the substrate to the 
photodiode (col. 2 Iines7-12). This improves the noise characteristics of the photodiode. 
Merrill further teaches that including a highly doped layer as a sub layer of the well will 
increase the quantum efficiency of the photodiode by deflecting photoelectrically 
generated charge carriers back toward the photodiode that would otherwise be lost to 
the substrate (col. 3 lines 30-33). 
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Therefore, it would be obvious to one of ordinary skill in the art to combine the 
highly doped well sub layer and the reverse biased well-substrate junction of Merrill with 
the image sensor of Murakami et al. in view of Raynor et al. and Rhodes so that noise 
characteristics and quantum efficiency would be improved. This would increase the 
quality of the images captured by the sensor. In such a combination, a negative voltage 
would be applied to the p-well and a positive voltage would be applied to the n- 
substrate. 

Regarding claim 24, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the driving method for a complementary metal-oxide semiconductor type solid-state 
image pickup device according to claim 20, wherein said well region is a p-type well 
region (p-well 102). However, Murakami et al. in view of Raynor et al. and Rhodes does 
not teach that the substrate bias voltage is a negative voltage. 

Merrill teaches a CMOS image sensor (col. 2 lines 26-28) wherein a photodiode 
100 (Fig. 4) is formed in a p-well 112, 114 formed on a substrate 110 (substrate 110 
may be n-type col. 4 lines 33-38). Merrill teaches that it is advantageous to reverse bias 
the well -substrate interface by applying a positive voltage to one and a negative voltage 
to the other (col. 1 lines 58-60) because the reverse biased junction prevents thermally 
generated carriers from diffusing from the substrate to the photodiode (col. 2 Iines7-12). 
This improves the noise characteristics of the photodiode. Merrill further teaches that 
including a highly doped layer as a sub layer of the well will increase the quantum 
efficiency of the photodiode by deflecting photoelectrically generated charge carriers 
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back toward the photodiode that would otherwise be lost to the substrate (col. 3 lines 
30-33). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
highly doped well sub layer and the reverse biased well-substrate junction of Merrill with 
the image sensor of Murakami et al. in view of Raynor et al. and Rhodes so that noise 
characteristics and quantum efficiency would be improved. This would increase the 
quality of the images captured by the sensor. In such a combination, a negative voltage 
would be applied to the p-well and a positive voltage would be applied to the n- 
substrate. 

18. Claim 27 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Murakami et al. (US Patent 6,486,460) in view of Raynor et al. (US Patent 7,375,752) 
and Rhodes as applied to claim 6 above, and further in view of Nakagawa (Japanese 
Patent Application Publication 2000-022126). 

Regarding claim 27, Murakami et al. in view of Raynor et al. and Rhodes teaches 
the complementary metal-oxide semiconductor type solid-state image pickup device 
according to claim 6. However, Murakami et al. in view of Raynor et al. and Rhodes 
does not teach wherein the readout voltage is reduced by applying the substrate bias 
voltage synchronized with charge transfer. 

Nakagawa teaches an image sensor wherein when the charge is transferred 
from the photoelectric conversion device, a lower substrate voltage is applied to the 
substrate than the voltage applied to the substrate prior to transferring the charges (see 
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abstract). This reduces the voltage required at the transfer gate to transfer the charge 
and therefore reduces the power consumption of the device (see abstract). 

Therefore, it would be obvious to one of ordinary skill in the art to combine the 
reduced substrate voltage at transfer of Nakagawa with the imaging device of Murakami 
et al. in view of Raynor et al. and Rhodes so that the power consumption of the device 
could be reduced. This would reduce heat in the sensor and also extend battery life. 

Conclusion 

19. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 
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Any inquiry concerning tliis communication or earlier communications from the 
examiner should be directed to DENNIS HOGUE whose telephone number is (571) 
270-5089. The examiner can normally be reached on Mon. - Thurs., 8:00 AM - 5:00 PM 
EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lin Ye can be reached on (571) 272-7372. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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